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Abstract. In this paper we report the numerical evaluation of the opto-mechanical response of a microstructured optical 
fiber design when submitted to hydrostatic pressure. The fiber was built in silica and is composed of two large holes 
surrounding a wide thin flat region (suspended-slab-core) that is able to support optical propagating modes. A full-vector 
finite element program was used to the stress-optical analysis. The opto-mechanical sensitivity of such fiber was 
evaluated under two schemes of applied hydrostatic pressure. 
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INTRODUCTION 
In recent years, microstructured optical fiber (MOF), also known as photonic crystal fiber (PCF) or holey fiber 
(HF), has been the subject of interest because of its unique properties [1]. Microstructured fibers have been 
developed to be used in all classical application of conventional optical fibers and in many occasions with 
advantages. Among the many successfully applications of the microstructured fibers we can highlight the advanced 
optical sensors. Sensors for temperature, pressure, chemical, gas or liquid concentration and pH and refractive index 
measurements have been reported. Such success is due to the many possibilities to arrange the microstructure of air-
holes in the cladding and in the core regions and the high contrast of the refractive indices. 
In this paper we report the fabrication of a design of microstructured fiber and the numerical evaluation of its 
opto-mechanical response when submitted to hydrostatic pressure. The siUca microstructured optical fiber consists 
of a circular cladding with thickness of 45 )J,m and two large air-holes surrounding a wide thin flat region 
(suspended-slab-core). The suspended-slab-core has thickness of 1.5 )J,m and width of 75 )J,m. At the junction of the 
suspended-slab-core and the cladding there are two thinner bridges that form a small triangular air-hole improving 
the lateral confinement and the guidance. A similar glass-web fiber was recently reported, but it that case the web 
joins the cladding without any extra bridges and the guidance relies on small deformations on the web thickness [2]. 
Figures 1(a)-1(e) present the fabricated suspended-slab-core fiber, its geometric parameters and the two schemes to 
the appUed hydrostatic pressure. In the first scheme the hydrostatic pressure is applied only on the external boundary 
of the cladding (Fig. 1(d)). In the second scheme the pressure is appUed on the external boundary of the cladding and 
on the inner surface of the air-holes (Fig. 1(e)). 
The suspended-slab-core optical fiber supports many propagating modes with both x and y polarization. 
Although the coupling of light to the suspended-slab-core has low efficiency, the optical propagation was been 
demonstrated our experimental measurements. 
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FIGURE 1. Cross section of the suspended-slab-core optical fiber, (a) Micrograph of the fabricated suspended-slab-core region, 
(b) Geometric parameters of the fiber: D = 125 |im, d=SO |im and L = 75 |im. (c) Detail of slab junction: g = 1.5 |im and h = 5 
|im. (d) Schematic view of the external hydrostatic pressure applied to the fiber in the outer diameter D. (e) Schematic view of the 
hydrostatic pressure applied to the fiber in the outer diameter D and in the inner region. 
MODELING SCHEME 
For the numerical stress-optic analysis commercial full-vector finite element software (COMSOL®) was used. 
The fiber's cross section was meshed with -300,000 first order triangular finite elements what result a matrix 
eigensystem with ~ 600,000 degrees of freedom. 
The stress induced by pressure on isotropic silica glass causes changes in the refractive indices resulting material 
birefringence. The principal refractive indices, N-, can be represented by: 
N^=n + C^a^ + C^ip^ + o^, (1) 
N2=n + 0^2 + Q(<^ I + ^3)' (2) 
N^=n-\- C^a^ + C2{(7i + cr2)' (3) 
where Cj and C2 are the stress-optic coefficients and a^, (J2 and (J3 are the principal components of the pressure-
induced stress. One should note that in microstructured fibers, owing to uniformity of the glass composition over 
entire cross section, axial stress component a^ (parallel to the longitudinal axis z) is equal to zero [3]-[4]. The 
principal stress components can be evaluated by the follow equations: 
/2 
- u = — 4^) k-+^,)±[k-^>)'+4Vl'" 
However, as the contribution of the shear stress T^ to the principal stress components a^ and (J2 is relatively 
small in the core region and its neighborhood, it can be assumed that the principal axes of the anisotropic fiber and 
the Cartesian axes of the coordinate system overlap [3]. Assuming that T^y is negligible, the principal stress 
components would be a^ = a^ and 02= (Jy • For the stress-optic analysis of the silica suspended-slab-core optical 
fiber were considered the follow material constants: stress-optic coefficients Cj = -0 .69x10"^^ m^/N and 
C2 =-4.19xlO"^^m^/N, elasticity modulus ^ = 7.25x10^^ GPa and Poisson ratio v = 0.165 . The values of the 
silica refractive index n are given by the Sellmeier equation. 
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RESULTS AND CONCLUSION 
For the numerical analysis of opto-mechanical response of the suspended-slab-core optical fiber it was 
considered hydrostatic pressures from 0 to 1000 bar. The applied pressure causes stress in the slab-core and changes 
the modal propagating properties by stress-optic effect. For high values of pressure the fiber's shape is deformed. 
Figure 2(a) shows the whole fiber optic cross section and the power flow profile of the fundamental optical 
mode. Figure 2(b) shows the power flow profile for the first four propagating optical modes at the slab-core region. 
Figure 2(c) presents the fundamental mode at the deformed shape of the optical fiber due to a pressure of 1000 bar 
applied following the scheme shown in Fig. 1(d). For better visuahzation the displacements were magnified by a 
factor of 20 and the original (without pressure) outer diameter circle is present. The real average displacement in 
outer diameter is ~ 0.30 |i.m. 
(a) (b) (c) 
FIGURE 2. Time-averaged power flow profile for E" propagation modes in the suspended-slab-core fiber. The external 
hydrostatic pressure (p =1000 bar) is applied to the fiber in the outer diameter D. (a) Fundamental mode E" for A, = 633 nm. (b) 
Detail of first four modes in the slab-core region.(c) Deformed shape of the fiber (magnification factor: 20) and time-averaged 
power flow profile for the fundamental mode E". The real average displacement in outer diameter is ~ 0.30 |a,m. 
The opto-mechanical sensitivity of optical fibers can be defined as: 
L AQ Ap 
(5) 
where AQ is the wavelength of light (considered as 633 nm), L is the length of fiber exposed to the applied pressure 
(considered as 1 m), An^j represents the change in the modal effective index due to the applied pressure, and Ap is 
the relative applied pressure. 
If the pressure is applied following the schemes of Figs. 1(d) and 1(e) the change in the refractive index along the 
suspended-slab-core is almost constant. Figures 3(a) and 3(b) present respectively the refractive indices values at 
the suspended-slab-core and the change of the modal effective indices for the two fundamental modes as function of 
the applied pressure in the external surface of the cladding (scheme 1, Figure 1(d)). For this scheme of applied 
pressure the opto-mechanical sensitivity for both y and x-polarized fundamental modes are about 9.93 rad/bar/m and 
1.49 rad/bar/m, respectively. 
Figures 3(c) and 3(d) show the refractive indices and the effective indices as function of pressure, when it is 
applied in the external surface of the cladding and in the inner surface of the two air-holes (scheme 2, Figure 1(e)). 
For this scheme of applied pressure the sensitivity of both y and x-polarized fundamental modes have about the same 
value of 4.96 rad/bar/m. 
A conventional optical fiber (SMF-28) has sensitivity of about 2.5 rad/bar/m while a microstructured fiber with 
enhanced sensitivity for hydrostatic pressure had reached 7.9 rad/bar/m [5]. Comparing these results with the 
obtained for the suspended-slab-core we can conclude that if the pressure is applied as in scheme 1, the _y-polarized 
fundamental mode leads to enhanced sensitivity of about 25% upper the better early reported result. However, the 
proposed optical fiber support many high order modes and the fiber's geometry doesn't facilitate the overlap with 
light source. 
Some experimental measurements are necessary to allow us to evaluate the real potential of this optical fiber as a 
pressure sensor element. The capacity to overcome the multimode operation and low coupling efficiency with light 
source will demonstrate the viability of the proposed suspended-slab-core optical fiber as a pressure sensor. 
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(a) and (c) Pressure induced changes in the refractive indexes (N^ and Ny). (b) and (d) Pressure induced changes in 
index variation (Arieff = n^jj - n^jj ) for the fundamental modes E"" and E .^ (a) and (b) refer to the pressure applied 
diameter of the fiber, (b) and (c) refer to the pressure applied in the outer diameter of the fiber and in the inner 
In a future work, we intend to take into account a third scheme of hydrostatic applied pressure. In this case the 
pressure is applied on the external boundary of the cladding and on the surface of only one air-hole. Figure 4(a) -
4(c) present the schematic view of applied pressure and the power flow profile of the fundamental propagating 
mode. Due the asymmetry how the pressure is applied, the suspended-slab-core is deformed (Fig. 4(c)). The 
maximum displacement occurs in the middle of the slab-core and can reach 1.5 jam for an applied pressure of 10 bar. 
(c) 
FIGURE 4. Cross section of the suspended-slab-core optical fiber, (a) Schematic view of the hydrostatic pressure appHed to the 
fiber in the outer diameter D and in the superior inner region, (b) Real deformed shape of the fiber (magnification factor: 1) and 
time-averaged power flow profile for the fundamental mode E^ (pressure of 10 bar), (c) Detail of the fundamental mode in the 
slab-core region for pressure of 10 bar. 
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